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2 (54) TlUe: LAYERED ARTICLES HAVING POLYOXYMETHYLENE BLEND SUBSTRATES WTTH FMHAM^Rn cttoo.^ 
§ PROPERITES AND ATLEASTONELAYER THEREON AND PROCESS^l^^^^^^'''^'^^^ 

P *° '"y^"^ comprising (a) a substrate comprising 99 5^ weieht oereent of 
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TITLE 

LAYERED ARTICLES HAVING POLYOXYMETHYLENE BLEND 
SUBSTRATES WITH ENHANCED SURFACE PROPERTIES AND AT 
LEAST ONE LAYER THEREON AND PROCESS FOR MAKING THE 
^ SAME 

BACKGROUND OF THE INVgNTIQM 

1 

Field of the invention 

10 This invention relates to layered articles comprising a 

polyoxymethylene blend substrate having at least one discontinuous or co- 
continuous layer adhered thereon, wherein the substrate comprises a 
blend of compositions that provide enhanced surface adhesion, thereby 
allowing the application of the at least one layer such as, for example, a 

15 coating or ovennolding of paints, thennoplastic elastomers, glues and the 
like. 



Description of Related Art 

Polyoxymethylene compositions are useful as engineering resins 
20 due to the positive physical properties they possess, thus allowing 
polyoxymethylene to be a preferred material for a wide variety of end- 
uses. Articles made from polyoxymethylene compositions typically 
possess extremely desirable physical properties such as high stiffness, 
high strength and soh^ent resistance. However because of their highly 
25 crystalline surface, such articles also have low levels of adhesion, wherein 
it is difficult, if not impossible to readily paint, glue, or print on such 
surfaces, ovemnold such articles with thennoplastic polymers or adhere 
some other type of layer to tiie surface of the subsb^te. 

Polyoxymethylene compositions are generally underetood to 
30 include compositions based on homopolymers of fonnaldehyde or of cyclic 
oligomers of fomialdehyde, for example trioxane, tiie tennlnal groups of 
which are end-capped by esterification or etiieriflcation, as well as 
copolymers of fonnaldehyde or of cyclic oligomers of fomialdehyde, witii 
oxyalkylene groups having at least two adjacent cartx)n atoms in the main 
35 chain, the tennlnal groups of which copolymers can be hydroxyl 

tenninated or can be end-capped by esterification or etiieriflcation. The 
proportion of tiie comonomers can be up to 20 weight percent 
Compositions based on polyoxymetiiylene of relatively high molecular 
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weight, for example 20,000 to 100,000, are useful in preparing semi- 
finished and finished articles by any of the techniques commonly used with 
thennoplastic materials, such as, for example, compression molding, 
Injection molding, extrusion, blow molding, stamping and thermoforming. 

5 

SUMMARY OF THE INVgNTIOM 
The present invention relates to an article comprising: 

a) a substrate comprising 99.5-40 weight percent of an 
polyoxymethylene polymer and 0.5-60 weight percent of at least 

10 one non-acetal thermoplastic polymer; and 

b) at least one layer adhered to said substrate, 

wherein the above given weight percents are based upon the total 
weight of a) and b). 

The present Invention further relates to a process for making the 
15 above-noted article comprising the steps of: 

(I) blending a matrix comprising 99.5-40 weight percent of an 

polyoxymethylene polymer and 0.5-60 weight percent of at least 
one thermoplastic polymer; 
(il) molding the matrix Into a substrate; and 
20 (ili) adhering at least one layer to said substrate. 

DETAILED DESCRIPTION OF THE INVENTinM 
The present invention relates to articles comprising (a) a substrate 
comprising 99.5-40 weight percent of a polyoxymethylene polymer; and 
25 0.5-60 weight percent of at least one thennoplastic polymer on or near the 
surface of the substrate to promote adhesfon; wherein the substrate has 
(b) at least one discontinuous or co-continuous layer adhered to its 
surface. 

Typically, polyoxymethylene based substrates have low levels of 
30 adhesion at their surface, therefore it is difficult to make layered articles for 
commercial purposes such as, for example, "decorated" parts for the 
automotive Industry including, but not limited to, soft touch buttons and 
switches; household appliances; consumer products including, but not 
limited to, painted ski bindings and chrome plated caps for perfume 
35 botiies; consL"Jction parts; furniture, fashion; and Industrial uses inciuding, 
but not limited to, high fiiction conveyors and sealing clips. 

Additionally, utilizing pretreatments or surface modification 
techniques such as, for example, etching, flaming ionization, sanding, 

2 
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surface Cleaning, UV exposure and the like further increase the adhesion 
befcveen the substrate and the at least one additional layer. The Impm^ 
adhesron provided by the pre*eatment may result in better test ratings in 

5 With a loirfe blade, aging of the painted part. 

The ternilayerts)" or layered" or a derivative thereof, as used 
herein, ,s meant to refer to the ovemrolding layer and/or the layer of paint 

or glue and the like being adhered tothe substrate 

^""^ in Which the 

adhesive secures the adherents by means of interiockingibrces also 
known as mechanical adhesion. The level of adhesion, mechanical 
binding or interlocking can be detemrined by either the peel test or the 

15 ZT''T"°*'''^''''™^'°^*^'^°'«'»»'««^andits 
15 ultimate use. According to the peel test, adhered elastomers br other 
ovemioldings must have a value of at least 2 pounds per linear inch 

According to the cross-hatch test, adhered paints or other 
pnnting/decorative layers have a value of 2 or better, however the 
minimum for commercial uHllty may be higher. 

^r. .?!'^"""*''=°"''™°"="«=''sed herein relers to a layer (as 

defined herein) that is adhered to the substrate in a non-continuous or 
partial manner over the suri^ace area of the substrate. For example 

pnnling painting, ovem^oWing. etc. in a pattern which is not conanui>us 
and/or does not cover the entire substrate such as, but not limited to 
stnpes. polka dots, grids, etc. are a discontinuous layer. The discontinuous 
layer is any layer that can not be classified as ■««ontinuou8- 

The temi ■ co-continuous" as used herein refers to a layer fas 
denr^ed herein) mat adheres to the substrate (i.e. which is co<»ntinuous 
wrth the layer") in an unintemrpted or continuous manner over the 
suriace area of the substrate. For example, dip-coating, painSng or 
chromesjiatng, etc. of the suifece area of the substrate would fonn a co- 

«.ntinuous layer With the substrate. The ovcontinuous layer adheres to 
the surtace area of the substrate and there is not a break in the layer (i e 
the layer is a solitary unit). y=rv-e. 

As "sed herein, thetem,-semKrystalline" shall referto a polymeric 
™tenal processing a melting point when heated in a DSC. in conl,4 to a 
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Polvoxvmethvlene Com ponftnt 

The polyoxymethylene component of the substrate Includes 
homopolymers of formaldehyde or of cyclic oligomers of formaldehyde, the 
terminal groups of which are end-capped by esterification or etherification, 
5 and copolymers of formaldehyde or of cyclic oligomers of formaldehyde 
and other monomers that yield oxyaikylene groups with at least two 
adjacent carbon atoms in the main chain, the terminal groups of which 
copolymers can be hydroxyl terminated or can be end-capped by 
esterification or etherification. 

Typically, substrates according to the present invention comprise 
about 99.5 - 40 weight percent of a polyoxymethylene polymer, however 
about 99.5 - 55 weight percent of a polyoxymethylene polymer is 
preferred. 

The polyoxymethylenes used in the substrates of the present 
invention can be branched or linear and will generally have a number 
average molecular weight in the range of about 10,000 to 100.000 
preferably about 20,000 to about 90,000. and more preferably aboijt 
25.000 to about 70.000. The molecular weight can be measured by gel 
permeation chromatography in m-cresol at ISO'C using a DuPont PSM 
bimodal colunin kit with nominal pore size of 60 and 100 A. In general, 
high molecular weight polyoxymethylenes segregate from the second ' 
phase material to a greater degree to the non-polyoxymethylene 
components, and thus addends may show greater adhesion. Although 
polyoxymethylenes having higher or lower molecular weight averages can 
be used, depending on the physical and processing properties desired, the 
polyoxymethylene weight averages mentioned above are prefen-ed to ' 
provide the optimum balance of surface adhesion with other physical 
properties such as high stiffness, high strength and solvent resistance. 

As an alternative to characterizing the polyoxymethylene by its 
number average molecular weight. It can be characterized by its melt flow 
rate. Polyoxymethylenes which are suitable for use in the blends of the 
present invention will have a melt flow rate (measured according to ASTM- 
D-1238. Procedure A. Condition G with a 1.0mm (0.0413) diameter orifice 
of 0.1 - 40 grams/10 minutes). Preferably, the melt flow rate of the 
35 polyoxymethylene used In the blends of the present invention will be from 
about 0.5 - 35 grams/10 minutes. The most prefen-ed polyoxymethylenes 
with a melt flow rate of about 1 -20 gram/10 minutes. 
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As indicated above, the polyoxymethylenes used in the substrates 
of the present invention can be either a homopolymer. a copolymer or a 
mixture thereof. Copolymers can contain one or more comonomers. such 
as those generally used in preparing polyoxymethylene compositions 
5 Comonomers more commonly used include alkylene oxides of 2 - 12 
carbon atoms and their cyclic addition products with fbmialdehyde The 
quantity of comonomers will be no more than 20 weight percent preferably 
not more than 15 weight percent, and most preferably about 2 weight 
percent. The most preferred comonomer is ethylene oxide. Generally 
polyoxymethylene homopolymer is preferred over copolymer because of 
Its greater stiffness and strength. Preferred polyoxymethylene 
homopolymers include those whose temiinal hydroxyl groups have been 
end-capped by a chemical reaction to fonn ester or ether groups 
preferably acetate or methoxy groups, respectively. 

The polyoxymethylene may also contain those additives, 
ingredients, and modifiers that are known to be added to 
polyoxymethylene compositions for improvement In molding, aging heat 
resistance, and the like. 
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20 Thermopla stic Polymer Comp onftnt 

The at least one non-acetal themioplastic polymer may be selected 
from those themioplastic polymers that are generally used by themselves 
or in combination with others, in extrusion and injection molding 
processes. These polymers are known to those skilled in the art as 
extrusion and injection molding grade resins, as opposed to those resins 
that are known for use as minor components (I.e.. precessing aids, impact 
modifiers, stabilizers) in polymer compositions. 

Generally substrates according to the present invention comprise 
about 0. 5-60 weight percent of at least one non-acetal themioplastic 
polymer, however, about 5 - 20 weight percent of the at least one non- 
acetal themioplastic polymer is preferred. The 
polyoxymethylene/themioplastic polymer blend substrate of the present 
invention contains a region, on or near the surface of the substrate where 
the non-acetal polymer typically resides to promote adhesion The ' 
themioplastic polymer resides in this particular region because in a flowing 
mixture of immiscible fluids, the lowest viscosity liquid will tend to migrate 
to the region of highest shear. For example. In the case of injection 
molding, the wall of the mold cavity is the region of high shear, and thus a 



30 



10 



WO2004/058S02 

PCT/US2003/040620 

higher concentration of the low viscosity polymer melt becomes 
concentrated somewhat on or near the surface of the part. 

Semi-crystalline polyamides, polyesters and poiyolefins can also be 
utilized in the present invention, either alone or in combination with one 
5 another, such that, each may be blended with the polyoxymethylene to 
promote adhesion. For example, polyamides having relatively low melting 
points retain some level of crystalllnity. but their low viscosity, high polarity 
and hydrogen bonding lends them useful for the purpose of the present 
invention. Poiyolefins. preferably polar co- and ter-polymers such as 
ethylene-vinyl acetate copolymer (EVA) and ethylene butyl acrylate carbon 
monoxide terpolymer (EBACO). have proven useful to develop surface 
adhesion between a polyoxymethylene substrate and various surface 
treatments. Semi-crystalline polyesters generally comprise those with a 
melting point near or below that of polyacetal. such as, polycaprolactone 
15 or polylactic acid. 

The non-acetal thennoplastic polymer can be Incorporated into the 
composition as one themioplastic polymer or as a blend of more than one 
themnoplastic polymer. Blends of the thennoplastic polymers may be used 
Id adjust properties such as. for example, toughness or the compatibility of 

20 the major resin with the polyoxymethylene. Themioplastic polyurethanes 
are typically used for this purpose. Preferably, however, the substrate 
comprises one additional or altemative polymer such as an amorphous 
thennoplastic polymer or semi-crystalline polymer. 

Whether it Is incorporated as one thennoplastic polymer or as a 

25 blend of more than one, the weight percent of all non-acetal thermoplastic 
polymer(s) in the composition shall not exceed the weight petx^nt ranges 
given above. 

The temi "themnoplastic" shall mean the polymer softens, when 
heated, to a flowable state in which under pressure It can be forced or 
30 transferred from a heated cavity into a cool mold and upon cooling in the 
mold, it hardens and takes the shape of the mold. Thennoplastic polymers 
are defined in this manner in the Handbook of Plastics and Elastomers 
(published by McGraw-Hill). 

The tenn "amorphous." shall mean the polymer has no distinct 
• 35 oystalline melting point, nor does it have a measurable heat of fusion 
(although with very slow cooling from the melt, or with of sufficient 
annealing, some crystalllnity may develop). The heat effusion is 
conveniently detemriined on a differential scanning calorimeter (DSC). A 
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suitable calorimeter is the DuPont Company's 990 thermal analyzer Part 
Number 990000 with cell base II. Part Number 990315 and DSC ceil Part 
Number 900600. Wrth this instrument, heat of ftision can be measured at a 
heating rate of 20<'C per minute. The sample is alternately heated to a 
5 temperature above the anticipated melting point and cooled rapidly by 
cooling the sample jacket with liquid nitrogen. The heat of fusion is 
detemnined on any heating cycle after the first and should be a constant 
value within experimental en-or. Amorphous polymers are defined hetBin 
as having a heat of fusion, by this method, of less than 1 cal/gram For 
10 reference, semicrystalline 66 nylon polyamide with a molecular weight of 
about 17.000 has a heat of fusion of about 16 cal/gm. 

The themioplastic polymers useful in the present compositions 
must be melt processible at the temperature at which the 
polyoxymethylene is melt processed. Polyoxymethylene is normally melt 
processed at melt-temperatures of about 170°C - 260"'C. preferably ISSX 
- 240"*C, and most preferably 200''C - 230°C. 

The temi "melt processible" shall mean that the thennoplastic 
polymer must soften or have a sufficient flow such that it can be melt 
compounded at the particular melt processing temperature for the 
20 polyoxymethylene. 

The minimum molecular weight of the themioplastic polymer is not 
considered to be significant for the present blends, provided that the 
polymer has a degree of polymerization of at least ten and further provided 
that the polymer is melt processible (i.e.. it flows under pressure) at the 
temperature at which the polyoxymethylene is melt processed The 
maximum molecular weight of the themnoplastic polymer should not be so 
high that the themnoplastic polymer by itself would not be Injection 
moldable by standard present techniques. The maximum molecular weight 
for a polymer to be used for injection molding processes will vary with 
each Individual, particular themioplastic polymer. However, said maximum 
molecular weight for use in injection molding processes is readily 
discernible by those skilled in the art. 

To realize optimum physical properties for the temaiy blend it is 
recommended that the polyoxymethylene polymer and the non-ace'tal 
t. .emioplastic polymer have matching melt viscosity values under the 
same conditions of temperature and pressure. 

Amorphous non-acetal themioplastic polymers, which are injection 
molding and extmsion grade, suited for use in the blends of the present 
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invention are well known in the art and can be selected from those 
cjommercially available or can be made by processes known in the art. 
Examples of such suitable amorphous thermoplastic polymers include, but 
are' not limited to, those selected from the group consisting of styrene 
5 acrylonitrile copolymers (SAN). SAN copolymers toughened with a mostly 
unsaturated rubber, such as acrylonltrlie-butadlene-styrene (ABS) resins, 
or toughened with a mostly saturated mbber. such as acrylonitrile- 
ethylene-propylene-styrene resins (AES), polycarbonates, polyamides, 
polyarylates. polyphenyleneoxides, polyphenylene etherc, high impact' 
10 styrene resins (HIPS), acrylic polymers, imidized acrylic resins, styrene 
maleic anhydride copolymers, polysulfones. styrene acrylonitrile maleic 
anhydride resins, and styrene acrylic copolymers, and derivatives thereof 
and blends thereof. The prefen-ed amorphous thennoplastic polymers are 
selected from the group consisting of styrene acrylonitrile copolymers 
15 (SAN), SAN copolymers toughened with a mostly unsaturated rubber, 
such as acrylonitrile-butadiene-styrene (ABS) resins, or toughened with a 
mostly saturated rubber, such as acrylonitrile-ethylene-propylene-styrene 
resins (AES), polycaribonates, polyamides, polyphenyleneoxides. 
polyphenylene ethers, high impact styrene resins (HIPS), acrylic polymers, 
20 styrene maleic anhydride copolymers, and polysulfones, and derivatives 
thereof and blends thereof. The more prefen-ed amorphous thennoplastic 
polymers are selected from the group consisting of SAN, ABS, AES, 
polycariDonates, polyamides, HIPS, and acrylic polymers. Most preferred 
amorphous thermoplastic polymers are SAN copolymers. ABS resins, AES 
25 resins, and polycarbonates. 

Amorphous thermoplastic SAN copolymers that are useful herein 
are well known In the art. SAN copolymer is generally a random, 
amorphous, linear copolymer produced by copolymerizing styrene and 
acrylonitrile. The prefenned SAN copolymer has a minimum molecular 

30 weight of 10,000 and consists of 2(M0% acrylonitrile, 60-80% styrene. 
The more prefened SAN copolymer consists of 25-35% acrylonitrile, 65- 
75% styrene. SAN copolymer is commercially available or it can be readily 
prepared by techniques well known to those skilled in the art. Amorphous 
thennoplastic SAN copolymers are further described on pages 214-216 in 

35 Engineering Plastics, volume 2, published by ASM INTERNATIONAL, 
Metals Parte, Ohio (1 988). 

Amorphous thennoplastic ABS and AES resins, which are injection 
molding and extrusion grade resins, that are useful herein are well known 
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In the art. ABS resin Is produced by polymerizing acryionitrife and styrene 
in the presence of butadiene, or a mostly butadiene, rubber. Preferably, 
the ABS resin is comprised of 50-95% of a matrix of SAN, with said matrix 
being comprised of 20-40% acrylonltrlle and 60-80% styrene. and 5-50% 
5 of a butadiene rubber or a mostly butadiene rubber, such as styrene 
butadiene rubber (SBR). More preferably, it is comprised of 60-90% of a 
matrix of SAN. with said matrix more preferably being comprised of 25- 
35% acrylonltrile and 65-75% styrene. and 10-40% of a butadiene rubber. 
AES resin Is produced by polymerizing acrylonltrile and styrene in the 
10 presence of a mostly saturated rubber. The preferred and more preferred 
AES resin Is the same as the preferred and more preferred ABS resin 
except that the rubber component is comprised of mostly ethylene- 
propylene copolymer, as opposed to butadiene, or mostly butadiene, 
rubber. Other alpha-olefins and unsaturated moieties may be preserit In 
15 the ethylene-propylene copolymer rubber. Both ABS and AES copolymers 
are commercially available or can be readily prepared by techniques well 
known to those skilled in the art. Amorphous thennoplastic ABS resin is 
further described on pages 109-114 In Engineering Plastics, referenced 
above. 



20 



Amorphous thermoplastic polycarbonates that are useful herein are 
well known In the art and can be most basically defined as possessing the 
repetitive cariDonate group -O-C(C0)-0- and in addition will always have 

the phenylene moiety attached to the cart)onate group (cf US Pat No 
3,070.563). 

25 The present Invention also contemplates the use of 

polycaprolactones and polylactic acids. Polycaprolactones are polymers of 
a cyclic ester. Preferably, a suitable polycaprolactone Is one having a 
number average molecular weight of about 43,000 and a melt flow of 
1.9g/10 minutes at 80C and 44 psi. Prefen-ed polylactic adds are those 
30 having a melting point of about 1 55C. 

Amorphous themiopiastic polycart)onates are commercially 
available^ or can be readily prepared by techniques well known to those 
skilled in the art. The most preferred aromatic polycartDonate on the basis 
of commercial availability and available technical Information is the 
polycart)onate of bls(4-hydroxyphenyl)-2,2-propane. known as bIsphenol-A 
polycarbonate. Amorphous themiopiastic polycarbonate Is further 
described on pages 149-160 of Engineering Plastics, referenced above 



35 



9 



15 



20 



30 



10 



WO 2004/058502 

PCTAJS2003/040620 

Amorphous or semi-crystalline themioplastic polyamides that are 
useful herein are well kriown in the art. They are described in U.S Pat No 
4.410.661. Specifically, these amorphous or semi-crystalline thermoplastic 
polyamides are obtained from at least one aromatic dicarboxyllc acid 
5 containing 8-18 carbon atoms and at least one diamine selected from the 
dass consisting of: 

(i) 2-12 carbon nornial aliphatic straight-chain diamine. 

(ii) 4-1 8 carbon branched aliphatic diamine, and 

(iii) 8-20 carbon cycloaliphatic diamine containing at least one 
cycloallphatic. preferably cyclohexyl. moiety, and wherein optionally up to 
50 werght percent of the polyamide may consist of units obtained fr^m 
lactams or omega-aminoacids containing 4-12 carbon atoms, or from 
polymerization salts of aliphatic dicarboxyllc acids containing 4-12 cart)on 
atoms and aliphatic diamines containing 2-12 carbon atojns. 

The temi "aromatic dicart)oxylic acid", shall mean tfiat the carboxy 
groups are attached directly to an aromatic ring, such as phenylene 
naphthalene, etc. 

The temi "aliphatic diamine", shall mean that the amine groups are 
attached to a nonaromatic-containing chain such as alkylene. 

The temi "cycloaliphatic diamine", shall mean that the amine groups 
are attached to a cycloaliphatic ring composed of 3-15 carbon atoms. The 
6 or 12 cartjon cycloaliphatic rings are prefen-ed. 

Preferred examples of fliemioplastic polyamides Include those with 

25 6, 61 0, 612 and the like. 

The amorphous or semi-crystalline thermoplastic 
polyamides exhibit melt viscosities at 200»C of less tiian 50,000 poise 
preferably less tfian 20.000 poise measured at a shear sti-ess of 105 ' 
dynes/cm . The amorphous or semi-crystalline polyamides are 
commercially available or can be prepared by known polymer 
condensation metiiods in tiie composition ratios mentioned above In 
order to fomi high polymers, tiie total moles of the diacids employed 
should approximately equal tiie total moles of the diamines employed 

In addition free dicarboxyllc acids, derivatives thereof, such as tiie 
ch!o.ndes. may be used to prepare the themioplastic polyamide 

The polymerization to prepare tfie amorphous or semi-crystalline 
tiiemioplasti-c polyamides may be perfomied in accordance with known 
polymenzation techniques, such as melt polymerization, solution 
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polymerization and interfaoial polymarizaflon techniques, but itis prefened 
to^uo, me polymerization in acco^ance tt,e me« poje^? 

w^JT I " ""^"^^ '^''"'^ -^-'"9 "-°l«-lar 

5 2 H ^'^-"i"^ and adds orcylic amides a« 

dioa*oxyl,c acd components will t,e substantially equimolar. In meft 
polymenzation the components are heated at temperatures higherthan 
•he melting point of the resulting polyamide but lower than the degradation 

Z ml H -^"S^ °'^acuum to 300 psi. 

-rue method of addrtion of starting monomers is not critical. For exampte 
salte of combinations of the diamines and acids can be made „ 
.s also possible to disperse a mbCure of the diamines in water, add a 

5 ZT^f °' ' "^^'^ a« an elevated 

n^^l r ' -ix^^eofnylon salts, and stibjecthe 

solution to the polymerization. j ira 

h JJ^'^' ^ """""talent amine or, preferably, an organic acid may 
:rntr.~^^^*^^''°^'"— — -oranaqC^ 

9 _ Amorphous thennoplastic polyaiylates that are useful herein aie 
well known In the art and are described in detail in U.S Pat No 

*fl'!f ^' !f """T"^' *^ ^"""P"™"^ themioplastic polyaiylates used In 
aie compositions of the present invention are aromatic polyLrs derived 

'^^a^^teastonedlhydricphenolorderivativethereofanda.t^tr 
' a™ dicari»x)^ic acid or derivative thereof. Each component fiom 
Which the amoiphous them,oplastic polyaiylate is derived has a functional 
grouporgroups. I.e., hydnoxyl orca,f,oxyl, attached directly to an a2^ 

4,187,358 as structure 1:-HO-C6H3{-X)-OH. 

Suitable examples of alkylene groups for X containing 1 to 5 cartx.n 
^s^dude a methylene group, an ethylene group, a profane g^^a 
tetoamethylene group and a pentamethylene group. Suitable examples^ 
a Mdene groups fbrX containing 2 to 7 cartoon atoms include an 

itb^^^4Ti: "^"'""^."^ ^" -P-Py'«ene group, an 
.sob>..y!.„,ne group, a peniyiidene group, a cydopentylidine group and a 
^h^idlne group. Suitable examples of alley, groups of R, 7r, and 
R, . to R4. containing 1 to 5 carix,n atoms indude a methyl group an ethyl 
group, an isopropyl group, a tert-butyl group, and a neo^n^l grou^ 
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K- M °' '"'•^"'^ bisphenols are diphenyl ether 

bis 4-hydmxy-2-methylphenyl)ather, bis(4-hyd«>xy^loroph9„ylMher ' 
bB(4-hydroxyphenyl)sulfide, bis(4-hydmxy.phenyl)sulfone, bis(4- 
hydroxyphenyl)ketone, bis(4-hydroxyphenyl)methane. bis{4^,oxy-3 5- 
5 dichbrophenyD-meftane. 1 ,1-bis(44,yd>Dxyphenyl)«thane. 22-^^4- ' 
hydroxy-3K:hlorophenyl)propane, 2^-bis(4+ydroxy- 3 5- 

flT.Tw.T'"''^"'' ^'^-S'-S'-'^^yl splrabiM,r-indane^.6'-diol 
and 1,1-biS(4-hydroxyphenyl)- n-butane. 2,2-Bis(4- 

hydroxyphenyl)propane, which is bisphenol A. is most prefened 

TypKai examples of the functional derivatives of the blsphend 

wh.ch can be used are the alkali metal salts and diesteis with aliphatic 

monocarboxyllc acid containing 1 to 3 caiton atoms. Suitable examples of 

aliphatic monocart,oxylic aads include fomifc acid, acetic add. pmpionfc 

5 T f ^ '""^'^ "^^'^'^^ °' '^^^ ^ *e sodium 

5 salts, the potassium salts, and the diacetate esteis 

or more. Further, mixed salts or mixed carboxylate esters may be used 

^^f^'^'">''^™'*ineof60toOmole%oflerephthalicacklan*or 

*«j""^°nalderivativesthereofand40to100moie%ofisophthallcacld > 
» and/or Its functional derivatives is used as the acid component h, be 

reacted with the bisphenol to prepare the polyao-late used In the 

composifions of the present invention. More preferably, a mixture of 0 to 

50 mole % of terephfhalic acid and/or the funcHonal derivatives thereof 

n r "^.V" "'^'^'^'^ ^ and/crthe functional derivatives 
■ hereof ,s used. The molar ratio of the bisphenol to the sum of the 

terephthalic acid units and isophthalic acid units is substantially equlmolar 
e.g.. about 1:0.95 to 1.2, preferably about 1:1, most p,«ferebly i^ 
AromaBc hydroxy acids such a hydrexy benzoic or hydi»xy naphthoic add 
and other dicarboxylic acids (both arematic and allphatfc) can also be 
incorporated into the polyarylate structure as a minor component 

^ f^r"' f.*""*"^' "^"•^'^^ of terephthalic or isophthalic add 
«^n be used in this invention indude add halides and diaryl estere. 
Prefen^ examples of acid halides include terephthaloyi dichloride 
•sophthaloyi didiloride, terephthaloyi dibremlde and isophthalovl 

oibromide. Prefen^d examples of diaryl esteis indude diphenyi 

terephthalate and diphenyl isophthaiate. 

In the preparation of the amorphous themwplastic polyarylate at 
most 50 mole %. preferably a. most 25 mole %, of a .:o,Z^^^, 
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ca*onate linkage such as diphenyl ca*onate or an aliphatic glycol sach 
as ethylene glycol, propylene gly«>|. tetmmethylene glycol or neopentyl 
glycol may also be copolymerized therewith to improve the molding 
characteristics. To change the reactivity and possibly the stability of the 
5 P° yaiylate. monoft,nct,'cnal components can be included in the polyarylate 
to l,m,. molecular weight or reduce the pmportions of reactive ends 

ih. „./T*""' *"""°P'^* Polyaiylates useful in the compositions of 
the present ,nvent,on are commercially available or can be pre^^d by 
anyof several known methods. The interfacial polymerizafion method 
10 compnses m«,ng a solution of an aromatfc dica,t»xylic acid chloHde m a 
water-,mm.scible organic solvent with an alkaline aqueous solulton of 
bisphenol. The solution polymerizatfon method comprises heating 
b.sphenol and a diacid dichtoride in an organic solvent One melt 
polymerization method comprises heating a diphenyl ester or an aromatic 

^rj^TT ^ ~ POly-^-^-Bon meC 

compnses heating aromatic dicart>oxylic acid and a diester (e.g the 
diacetete ester) of bisphenol. These meti,ods are described ,n d;taa in 
U.S. Pat. Nos. 3,884.990. 3.946.091. 4.052.481 and 4.485 230 
Amorphous ttiemioplastic polyphenylene ethers (PPE) and 
0 pol^henylene o.ddes (PPO) tt,at are useft,l herein are known In the art 
PPE homopolymer is frequenUy refened to as PPO. The chemical 
composrtfc.n of tt,e homopolymer is Poly(2.6KJimethyM.4-phenytene ether) 
orpoly(oxy-(2^^imethyl^.4^,henylene)): -C,H.(-CH3)^ TheTe^f 
oomp^ition Of PPE. Which is a copolymer. PPE and PTO are 

Boft PPE and PPO are commercially available or can be madlly prepared 
by known techniques by those skilled in the art Tliey are typically 
mariteted as blends with polystyrene due to their high melt viscosity 
are uJ^^" themioplastic high impact styrene (HIPS) resins ihat 
are useftil herein are well knc™ in the art. HIPS is produced by dissolvino 

T"^ '■""■■"""a polymerization reaction. 

Pd^ts^ne fomis the continuous phase of me polymer and the rubber 

flT^Jde't?''*''" Of polystyrene. HIPS 

■esin IS rartner described on pages 194-199 in Engineering Plastics 
referenced above. HIPS resins are commercially available or 

readily prepared from known technk,ues by those skilled in the art 
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Amorphous thermoplastic polymers of acrylics, which are extrusion 
and injection molding grade, that are useful herein are well known in the 
art. Amorphous themioplastic acrylic polymers comprise a broad array of 
polymers in which the major monomeric constituents belong to two 
5 families of ester-acrylates and methacrylates. Amorphous themioplastic 
acrylic polymers are described on pages 103-108 in Engineering Plastics 
referenced above. The molecular weight of the amorphous themioplastic' 
polymer of acrylics, for it to be Injection moldable by standard present 
techniques, should not be greater than 200.000. Amorphous themioplastic 
10 acrylic polymers are commercially available or can be readily prepared 
from known techniques by those skilled in the art. 

Amorphous thermoplastic Imidized acrylic resins that are useful 
her-ein are well known in the art. Amorphous themioplastic Imidized acrylic 
resins are prepared by reacting ammonia, or a primary amine, witti an 
acrylic polymer, such as polymethyl metiiaciylate, to fomi tfie imidized 
acrylic resin (also known as polyglutarimides). 

The imidized acrylic resin will contain at least about 10% imWe 
groups and preferably at least about 40% imide groups, and can be 
prepared as described, for exampte. in U.S. Pat. No. 4.246.374 and In 
U.K Patent 2101139B. Representative imIde polymers Include imidized 
poly(metiiyl mettiacrylate) or poly(methyl aciylate). imidized copolymers of 
eitfier methyl methacrylate or methyl acrylate and comonomers such as 
butadiene, styrene, etiiylene. metfiacrylic acid, or tfie like. 

Amorphous themioplastic imidized acrylic resins are also described 
.n U.S. Pat. No. 4.874.817. Amorphous tiiemioplastic imidized acrylics are 
commeroially available or can be readily prepared from known techniques 
by those skilled in tiie art 

Amorphous themioplastic copolymers of styrene maleic anhydride 
that are useful herein are well known in tiie art. Styrene maleic anhydride 
copolymers are produced by the reaction of styrene monomer with smaller 
amounts of maleic anhydride. Amorphous thennoplastic styrene maleic 
anhydnde copolymers are further described on pages 217-221 in 
Engineering Plastics, referenced above. They are commercially available 
or can be prepared from known techniques by those skilled In the art 

Amorphous tiiemioplastic polysulfones that are useful herein are 
well known in the art. It is produced from bisphenol A and 4 4'- 
dichlorodiphenylsulfone by nucleophlllc displacement chemistry It is 
ftirtiier described on pages 200-202 in Engineering Plastics, referenced 
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above. Polysulfone Is commercially available or can be readily prepared 
from known techniques by those skilled in the art. 

Amorphous thennoplastic styrene aciylonrtrile maleic anhydride 
copolymers and styrene acrylic copolymers that are useful herein are 
5 known ,n the art They are commercially available or can be prepared from 
known techniques by those skilled In the art. 

The amorphous or semk:rystalllne thermoplastic polymers may 
also contain those additional Ingredients, modifier, stabilizers and 
additives commonly Included in such polymers. 
10 The themioplastic polyurethanes suited for use in the blends of the 

present invention can be selected from those commercially available or 
can be made by processes known in the art. (See. for example. Rubber 
Technology. 2nd edition, edited by Maurice Morton (1973) Chapter 17 
Urethane Elastomers. D. A. Meyer, especially pp. 453-6). Themioplastic 
15 polyurethanes are derived from the reaction of polyester or polyether 
polyols with dllsocyanates and optionally also from the further reaction of 
such components with chain-extending agents such as low molecular 
weight polyols. preferably diols. or with diamines to fomi urea linkages 
Themioplastic polyurethanes are generally composed of soft segments 
for example polyether or polyester polyols. and hard segments, usually ' 
dem/ed from the reaction of the low molecular weight diols and 
dilsocyanates. While a themioplastic polyurethane with no hard segments 
can be used, those most useful will contain both soft and hard segments 

preparation ofthe themioplastic polyurethanes useful in the 
Wends of the present invention, a polymeric soft segment material having 
at least about 500 and preferably from about 550 to about 5.000 and most 
preferably from about 1 .000 to about 3.000. such as a dihydric polyester or 
a polyalMene ether diol. is reacted with an organic dllsocyanate in a ratio 
such that a substantially linear polyurethane polymer results, arthough 
some branching can be present. A diol chain extender having a molecular 
weight less than about 250 may also be Incorporated. The mole ratio of 
isocyanate to hydroxyl in the polymer Is preferably from about 0.95 to 1 08 
more preferably 0.95 to 1.05. and most preferably, 0.95 to 1 00 In 

addition, monofunctionalisocyanates or alcohols can be used to control 
35 molecularvvelght of the polyurethane. 

Suitable polyester polyols include the polyesterlflcatlon products of 
one or more dihydric alcohols with one or more dicarboxylic acids. Suitable 
polyester polyols also include polycari^onate polyols. Suitable dicarboxylic 
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acids include adipic acid, succinic acid, sebacic acid, suberic acid 
methyladipic acid, glutaric acid, pimellc acid, azelalc acid, thiodiproplonic 
acid and citraconic acid and mixtures thereof, Including small amounts of 
aromatic dicarboxyllc acids. Suitable dihydric alcoiiols Include ethylene 
5 glycol, 1 .3- or 1 .2-propylene glycol. 1 ,4-butanediol, 1 .3-butanedlol 2- 
methylpentanediol-1.5, diethylene glycol. 1 .5-pentanediol, I.S-hexanediol, 
1 .2-dodecanediol, and mixtures thereof. 

Further, hydroxycarboxyllc acids, lactones, and cyclic carbonates 
such as epsilon-caprolactone and 3-hydroxybutyric acid can be used in ' 
10 the preparation of the polyester. 

Prefen-ed polyesters include poly(ethylene adipate), poly(1,4- 
butylene adipate). mixtures of these adipates, and poly .epsllon.- ' 
caprolactone. 

Suitable polyether polyols include the condensation products of one 
or more alkylene oxides with a small amount of one or more compounds 
having active hydrogen containing groups, such as water, ethylene glycol 
1 .2- or 1 .3-propylene glycol. 1 .4-butanedlol and 1 .5-pentanediol and 
mixtures thereof. Suitable alkylene oxide condensates Include those of 
ethylene oxide, propylene oxide and butylene oxide and mixtures thereof 
Suitable polyalkylene ether glycols may also be prepared from 
tetrahydrofuran. In addition, suitable polyether polyols can contain 
comonomers, especially as random or block comonomers, ether glycols 
denved from ethylene oxide, 1 .2-propylene oxide and/or tetrahydrofuran 
(THF). Alternatively, a THF polyether copolymer mh minor amounts of 3- 
25 methyl THF can also be used. 

Preferred polyethers include poly(tetramethylene ether) glycol 
(PTMEG), poly(propylene oxide) glycol, and copolymers of propylene 
oxide and ethylene oxide, and copolymers of tetrahydrofuran and ethylene 
oxide. Other suitable polymeric diols include those which are primarily 
30 hydrocarbon in nature, e.g., polybutadiene diol. 

Suitable organic diisocyanates include 1 .4-butylene dlisocyanate 
1 .6-hexamethylene diisocyanate. cyclopentylene-1 .3-dlisocyanate, 4 4'-' 
dicydohexylmethane diisocyanate. isophorone diisocyanate. 
cyclohexylene-1.4-dilsocyanate. 2,4-toluene diisocyanate. 2 6-toluene 
diisocyanate. Isomeric mixtures of 2.4- and 2.6-toluene diisocyanate 4 4'. 
methylene bis(phenylisocyanate ).2.2-diphenylpropane-4.4'-diisocyanate 
p-phenylene diisocyanate. m-phenylene diisocyanate. xylene 
diisocyanate. 1 .4-naphthylene diisocyanate. 1 .5-naphthylene diisocyanate. 
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4.4'^iphenyl diisocyanafe, a2obenzens>4,4'-diisocyanate. m- orp- 
tefcamethylxylene diisocyanafe. and 1-chlorol>enzene-2,4^iiso<3«nate 
*tTfr f 1.6-hexan,e«,y,ent^^t 
5 f^^""^"^"^ diisooyanateand 2.4-to,uene diisocyanafe a^ 

rh^, .^^^^ ^""^^ including those derived Irom adipyi 

d^',^ ZT:; """^"^ ""•'^ses. indudin^mose 

denved ftom the bis-chloroformates of PTMEG and/or bufanediol can also 
be present in the polyurethanes. aneaioi. can also 

"* Di^ar^r rl^'t'"" """""" ™"9 >" the 

P^anat^n of thethen„opiastic polyurethanes include thoseoontaining 
carbon cha,ns wh,ch are either uninterrupted orwhich sre UnernjJZ 
oxygen or suift^r linkages, including 1,2.,hanedio.. 1,2-p,o^r 
sopmpyl-a^lyoery. ether. 1,3.p„>panediol. 1,3*utanedL. 2.2^^,hy. 
15 1.3i,ropaned>ol. 2.2-diethyl- 1,3i,n,panedioi. 2-ethy|.2.bu;yl-l 3- 

pmpanediol. 2H^thyl-2.4-pentanediol. 2.2.4-ttmethyi. I.S-peritanediol 2 
e^- 1.3.hexanediol, 1,4.bu.anediol. 2.5.hexanediol L^p^^^fc,"'" 
d,hyd«,xycyclopentane. 1.6^exanedioi. 1.4^lohexanedLTJ- 

20 Z^CTiT""*""'' "^"^"^ ^^^>- ^'"pWne glycol 

H '■'^«'y'-2-^^1.3-P™Panediol. dihyd^y, 

2llTrT""' "^P-eno' A. dihydroxye.,^ 

tenephthalate and dihydroxyn^«,y, benzene and mixtums ZrZ 

butanedd. l^-ethanediol and 1 .6-hexanediol are prefened 

In the preparation of the thenropiastic polyurethanes, the ratio of 
«oc^nafe to hydr»xyl should be close to unity, and the readion ^l^a 
onesteporatwostepreaction. Catalysts can be used, and th^r^n 
30 can be run neat or in a solvent a me reaction 

The moisture content of the blend, in particular of the thennoplastic 
POlyurethane. can influence the results achieved. Water is known ^ 
T^I'^T- '^"^ P^^-thaneto degrade. ^Zu^l 

~ ™« Viscosity of the po^,e.hane. Accordingly, .He drier the 
beaer lnanyevent.themoisturaa>ntentoflheblend. and ofthe 
.nd«Klual components ofthe blend, shouki contain less than 0.2 percent 
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by weight of water, preferablyless than 0.1 percent, especially when there 
.«noopportun«yforthewaterto escape, for 

molding process and other techniques of melt processing. The 
themopiastic polyurethane can also contain those additives, ingredients 
5 and modfler. known to be added to then^oplastlc polyurBthane wt' 
noted here that the addition of any of styrene acrylonltdle copolymers 
a<^onrtnle-butadlene.styrene copolymers, acrylonitrile^er ' 
buted,en^sty,ene copolymers, and polycarbonates to polyoxymethylene 
a'onereducesthemoldshrinkageofthepolyoxymethylene. 
Additional I ay»r r,^p„nrnf 

Generally the substrate of the present invention may be coated with 
or ovem,olded with them,oplas«c elastomers, glues and theTe 
^fhese are the at least one layer adhered to the substrate. The 

'k"' '° '^'^ ^"^ of the at least 

one amorphous or seml^iystalline them»plastic component or polymer 

on^o^nearthe surface ofthe mostly polyacetal substrate asdesa^^ 

r, r =. . fT"'*' °' '"'^"'^ ■"^^^'^ ovemrolding include, but are not 
0 ■'"'•ed to both polar and non-polar materials. Such ,;n^»lar „^^^ 
^nclude. but are not limited to, them,op,asflc olefins (TPC^. 

themK,plast,c elastomers (TPE^). polyethylene and polypropylene' Such 
P^ matenals indude. but am not limited to. themK,SaI Shane^ 
(TPU).Surlyn®.Hytiel® and polar olefins. H"yure<nanes 
• Examples of suitable materials for printing/painting may include 

mavh,°r^"''''^'*'^"°"*''"'"^'"y«'°f*«P^"»«ntion 
may be either co^ntinuous or discontinuous. 

Various conventional methods may be used to adhere the at least 
oneaddtoal layerto the substrate including, but not limited L. 

rC-^!:;'^'^' '^'"^ """-'"S' ■'"^ cession. 
^iMing diiu metai(zing. 

Wet painting methods utilize either water-based or solvent-based 
paints that are applied via these methods known in fl,e art su^ as 
spraying, brushing and the like. 
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Powder coating methods that are well knowm in fK« 
example, dipping in a fluidized bed or ele^^l^^J"^ 



Insert molding methods are well known in tK^ 
conven«onal molding machines. Xrd r^,!^ n ^ 
inserted, either man.aily or aut^maS^l^^ 
15 layer materia, is moided "on top" orl^nd ^ 

IMetalizing methods inciude those well knn«m «, ^ 
example, elect^iaing including but^tlml^^T 
25 whe,* a,e process Jlizes a Zt^^ f' 

memodsfor«,edeposittoTo,~,:;^""^"''''^-^ 



30 



35 



The present invention further rpiatoe f« « 
above^ced a„Ce composing *^ 
(0 blending a matrix comprising 99.5540 weight percent of an 

PO^xymethylene polymer and 0.5^ we^^^^: ,^^ 
one thennoplastic polymer; and '^ni ot ai least 

molding the matrix into a substrate; and 
adhering at least one layer to said substrate 
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The matrix may be blended using any conventionalfy known 
machine. Preferably, however, the matrix is blended using a co-rotating 
twin screw extruder. ^«uiig 

J^^^^bs^ie may be molded according to those principals known 
5 in the art utilizing any of the conventionally known processes for 

e)«mple. extrusion, co-extrusion, two-shot molding, insert molding and 

Adhering the at least one additional layer to the substrate may be 
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EXAMPLES 

The present invention is further defined In the following Examples 
m which all parts and percentages are by weight. It should be understood 
that these Examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only. From the above discussion 
and these Examples, one skilled in the art can ascertain the essential 
Characteristics of this invention, and wrthcut departing from the spirit and 
scope thereof, can make various changes and modifications of the 
invention to adapt it to yarious usage and conditions. 

Generally, the adhesion was detemiined using a peel test in the 
case of tfiemioplastic elastomer layers, while the level of adhesiveness of 
the painl/pnnting layers was detemiined using a cross-hatch paint 
adhesion test. 

Typically, "peel" is the imposition of a tensile stress in a direction 
that IS perpendicular to the adhesive bond line (the line where the 
materials ara united by the adhesive). Moreover, the "peel strength- 
indicates the strength of an adhesive, and is defined as the average foroe 
per unit test specimen width measured along the bond line required to 
separateprogressivelyof theof the bonded test specimen and is 
described as pounds per inch of width (having a metric equivalent of 
Newtons per millimeter). 

Various embodiments of the present invention made utilizing either 
two Shot molding methods or insert injection molding methods were tested 
to assess the peel strength of the ovemiolding. Those samples made 
using these molding methods were peel tested using a L-type peel test 
(commonly refenred to as a 90 degree peel test) on a conventional 
standard tensile testing machine, such as. an Instron tensile testing 
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machine. Typical samples comprised a substrate having a length of about 
6 mches. a thickness of about 1/8 Inches, and a width of about 1 Inch The 

addrtionaMayer adhered to the substrate had a width of about 1 inch and a 
thickness of about 1/8 Inches. AddWonaily. either a length of the adhered 

IT fT'"' " '''' "'^ °' °^ ^ portion of the 

end of the specimen is pulled up. such that a portion of the layer is not in 
contact wrth the substrate to allow Its attachment to the tensile machine 
Generally the method comprises having a substrate and the ' ' 

10 TaT.^ T? ? ' "'^'^^^ ^^-'P'e holder 

10 e.g. a sled, wheels or roller). The extended end portion of the adhered 

LTon H *° "PPer traverse of the tensile machine so that there 

-tT^ '"^'^ ^dditiorial layer being 

peeled. The traverse moves upwards and peels off the additional layer 
the sample holder for the substrate moves horizontally as the traveree ' 

oTrl""' ^"^'^ traverse begins to 

peel the adhered layer away from the material, the adhesion factor Is 
progressively measured. 

Typically, the cross-hatch adhesion test (DIN EN ISO2409 as well 
asa modified version of ASTM.D3359.83, Method B) was conducted 
such fhat a substrate was fomied and subsequently coated with a pai'nt 

One hundred small squares (about 1/16 inches X 1/16 inches) were cut 
mto the adhered layer by making two cuts with a bladed device (e a 
Gardco® Model P-A-T Cutter Blades, manufactured by Ganlco 
Coiporauon. at a 90 degree angle. The depth of the cuts was carefully 
nwnrtored so as to ensure that the cuts penetrated only the adhered layer 
and did not extend to any significanf depths into the substrete. A quantlhr 
^ surtable tape, for example Pemiacel 99 Tape (manufactured by 
Perma^ Corporation, New Brunswick, NJ), was then applied over the 
area cut into squares on the coated substrate so the entire area being 
assessed was covered. The tape was then removed and the degree of 

IITa*^™ n i!! ""^ '^"^ ^ -"odification 

toihe ASTM D 3359 test was made in the dassfficaUon of the adheston 

*° ~ - value Of 

0 to classify those samples in which no flaking had occun^ (i.e even at 

razor out edges), and thus showed the greatest level of adhesion 
white a v^ue Of V was assigned in those instances where flaking of' 

'""^ *^"<'' "° ""-er aspects of the test were 
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■Example 1- Paint Adhered to Hinhrnlyr || -content S,.h^ „ 

Table 1 sets tbrtti tile compositions of the various types of ' 

r^l?T ^ and tt^ 

^ulte evaluated. The cross-hatch test resufe also shown in Table 1 

Sample l -^Presents the control and samples 2-8 are examples of the 
present invention. h <«> oi me 

,0 inn./ T ^ (Sample Type 1) comprisino 

10 100% of a polyacetal homopolymer (MW=38,000). This Conttol sut^ 
^ pa,n,ed ««h Paint , ^ fom, the adhered layer and tested acc^^ 
Ihe cross-hatch test descrit«d herein. When the tape was applied aj 
subsequently removed, a value of 2 was assessed, thereby showing a 

15 Sample Type 1 substrate were painted with Paint K and again subjeded to 
the cross-hatch test described herein, wherein values of 2 and 3 wlre^ 
assessed, respectively. 

Sample Type 2 was a substrate comprising 90% of a polyacetal 
homopolymer (MW=38,000) and 10%ofathem»plasticpolyurelhanewlth- 
^T^^T r "^"^ ^ bisphenyl isocyanate 

according to the cross^iatch test, resulted in an adhesion level of 1 

Sample Type 3 was a substrate comprising 90% of a polyacetal 

5 and 10% Of a pdycaprelactone (MW=43.000) 

^ TT2'^ ^""^'^ P^'"' Which When tested 

according to the cross-hatch test, resulted in an adhesion level of 0 
meaning no flaking oocuned. 

Sample Type 4 was a substrate comprising 90% of a polyacetal 
) ^^cT'iriT ^'"'°°'^P°'^acUcacid (havnga melting 

^PP'^ '° ^"''^"^te was paint K 

which When tested according to the cross-hatch test, resulted in an 
adhesion level of 1. 

Sample Type 5 was a substrate comprising 90% of a polyacetal 
Se^'':!!!'-^:^''^"' ^°''» '^a the™^^^^ 
-J.yl8,„ son segments and 4,4' methylene bisphenyl isocyanate 

The adhered layer applied to the substrate was paint K. which wheMelL 
acco,d»,g to the cross*at^ test, resulted in an adhesion level of 0 
second test was mn using another substrate having the composition of 
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Sample Type 5, where the adhered laver wa<i naSnt w *u u 

a#h»w^«^ o^.uu., and 1 /o of a polyacetal copolymer wfth 4 5% 

2^er«oxKie groups (Mn=22,000);1.,ofafte™op,a««c^^ 
w* buvenes ad,pate soft segments and 4.4' methylene bisptenT 

(Mn-40.000). The layer adhered to the substrate was paint K which wh»„ 
lCL°S'r "^'^ an'adh JL'^et^,^ 

s^zrrrrrrr:rLrraS^^^^^^ 

adhesfon level of 0, A third test was JZ^TsTs^e rsalr " 
15 Type 6, wherein paint I was adhered to the sZ^lT, 1 ? 
^3V.c.4^,^..„,,Samp,easwera::r^^^^^^^^ 
part I sho«« a reduc^on in adhesion In comparison to ZTk TOs is 
beteved to be the ,«sul,of me dfferent interac«on of pi , 1 me 

.0 rr,rrnr^^^-^^------^^^^^ 

h„™„^r"""'J^''^ ^ '""''^'^ comprising go% of a polyacetal 
homopolymer(MW=65,000) and 1% of a polyacetal copolym^t^^^^ 

r"'' »'emx>plasfio^;:^lt' 
wrth buty^ene adipate soft segments and 4,4' methylene bisp^el 

11$ C (Mn-18.000). The layer adhered to the substrate was\«int K 
wh«h When first tested according to the crossmatch test^suCh' 

adhesion level of 3 resulted. 

Sample Type 8 was a substrate comprising 90% of a polvaoelal 
homopolymer(MW=65.000)and lyoofapolyaceLcopolZtrfsv 

w* buty^ene adipate soft segments and 4,4' methylene bisphenr 
containrng 41 ^ pbt ham segment/69% ethylene oxide-polypropylene 
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oxide soft segment. The layer adhered to the substrptP in th^ « * 

pain. JC WHICH wHen .e.e. aoco.., . J ^Hr ZZT 

tZ^ f '^"^'^ ■^^^ ^'^ ' ^'h^ to the 

substrate, and an adhesion level of 4 resulted. 



10 



Table 1 



Sample 
Type 


1 % POM 


% 
Non- 
acetal 


% Other 


1 


K 


1 


100 






2 




2 


90 


10 






1 


3 


90 


10 J 






0 


4 


90 


10 






1 


5 


90 


10 




1 


0.2 


6 


90 




10 


4 


0.0 


7 


90 




10 


3 


0,1 


8 


90 




10 


4 


1.0 I 



Paw K = TS^ Olive D,ab paint (manufacto-ed by Tamlya Eu„,pe GMBH). 
E^mple 2 - P.,nt ,,her^ ^ , ^ p„, ^^^^ ^,^,^ ^ 

InTable 2, the various types of substrates used in tHis Examola 

20 Table 3 Descnptrons of the paints used am also pmvided lilow ^ 
substrate was painted with onty one type of paint. Is. 
had a single layer of paint adhered to it =nsuostrate 
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5 f^P'® Type 11 designated substrates comprising 100% o- 

nudeated polyacetal homopolymer (MW=38.000) A sub^ie t . 
was painted with paint B to fom, adi,e,ed layer ^ 
Sampie Type 12 designated substrates comprising 60% of a 

P<'^-^homopo,yme^,^«=65,000),.10%ofati4^o^s^ 
10 poly^netl^ane m, butylene adipate soft segments and 4.4 ^ene 

w«h 3.8 Kg weight at 445=F. Two substrates of this type w^ pahZ^n. 
us,„g i^n, B and the other using pain. F to fom. the adh^l^r 

15 ^^-"P"* Type 13 designated substrates comprising 55% ^1' 

po^aca^l homopolymer (.^=38,000): 15% of a theZpia^ 

Sample Type 14 designated substrates comprisina 55% of » 
po^yaeetal homopolymer (MW=38.000) and 15% of a ren^ptl 
P0M.rB.hane wim e«,ylene adipate soft segments a rKi M^^hZe 
bisphenyl .sooyanate; and 30% of an exfrusion qrade ABS ^7 , 

5 Thela^adheradtothesubstratsinmisExamrC^imF 

Sample Type 15 designated subsfrates comprisina 55% of , 

adhered to the each substrate was eimrpar^ f " 

Sampte Type 16 designated substrates comprising 55% of , 
po^aceta. »po,yn,erwi«, 1.4% e*y,ene oxide g Jps M !2o^). 15. 
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Sample 1 7 designated substrates comprising 55% of a polyacetal 
homopolymer (MW=38.000); 5% of a themioplastic polyurethane with 
butylene adipate soft segments and 4.4' methylene bisphenyl isocyanate- 
10/o of precipitated CaC03 with a particle size of 0.7 microns and a 
5 coatng of 2% stearic acid; and 30% of an extrusion grade ABS (melt 
flow=3.9). The layer adhered to the substrate was paint F. 



Table2 

15 



Sample 
Type 


% POM 


% 
Non- 
acetal 


% 
Other 


9 


100 






10 


100 






11 


100 






12 


60 


10 


10+20 


13 


55 


15 


30 


14 


55 


15 


30 


15 


55 


15 


30 


16 


55 


15 


30 


17 


55 


5 


10+30 



Table 3 



Sample 
Type 






Adhered Paint Layer 




B 


F 


G 


H 


1 


J 


K 


L 


M 


N 


.P 


O 




s 


T 


U 


9 


5 


5 






























10 




5 


5 


4 


2 


4 


2.3 


5 


5 


5 


5 


5 


4 


5 


4 


5 


11 


5 
































12 


2 


0 






























13 




0 


0 


0 


0 1 


1 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 
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14 
15 
16 




. 0 










0 

. 0 




















17 




3 





























10 



15 



20 



25 



30 



Paint Key 

B = Rust-Oleum Hard Hat. spray, finish ACABADO safety blue V2124 
F - Aervoe-Pacific Rust Proofing Paint sorav ^n^ . 

vxw^r.^ ^ ^ ' ^P'^^V' 303 gross safety blue 

'<yene, acetone, mineral spirits, ethyl benzene 
G = spray enamel, pactra Racing FinisI,, RC287 br^ht red for PC 
(manufactured by Testor Co^joration) PC. 
H = ^P^^^"^"'^!. 1224 gloss green. petn^Ieum distillates, liquilied 

I - so^ 'T'"* '■"-'^'=<"-' "y Tester Ccporat^nr 
I - spray enamel. 1244 metallic gold, alcohols. tolue,» peft^um 

P^pellant (manufactured by Testor Concretion) 
J = sprey enamel. 130030 RefferOrenge. hy<irecari>on prepellants 

M = Plastl-kote Classic Lacquer 346 bright red ' 
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not be tested. These samples broke while being clamped into the Instron 
test machine, due to the lack of adhesion. 

Samples 22-26 comprise 55% of polyacetal homopolymer 
(MW=65.000);15% of a themioplastic polyurethane with butylene adipate 
5 soft segments and 4.4' methylene bisphenyl isocyanate; and 30% of an 
e)da,sion gmde ABS (melt flow=2.5). These Samples, when tested, were 
pulled at 0.2 .nches/minute and were constrained from twisting by a loose 
sleeve during the pulling. 

10 



15 



Table 4 



Sample 


Glue 


Primer 


Stress 
(max, Kpsi) 


Strain 
at break 


18 (Control) 


None 


None 


. 8.4 


54.9 


19 (Control) 


TypeB 


None 


6.0 


5.6 


20 (Control) 


TypeC 


None 


4.2 


2.5 


1 21 (Control) 


TypeD 


Norle 


5.8 


4.1 


22 


Type B 


TypeP 


5.3 


31.0 


23 


TypeC 


TypeC 


5.9 


40.1 


24 


Type D 


None 


5.0 


4.0 


25 


Type D 


TypeC 


5.6 


30.2 


26 


TypeD 


TypeP 


5.8 


39.0 


27 


TypeD | 


TypeP 1 


5.8 


37.6 



Glues: 

Type B - Harve/s MP-6. #01800. Multipurpose -ABS, PVC CPVC 
(manufactured by William H. Harvey Co., Omaha NB 
20 Type C - IPS Weld-on PVC 700. #10082 (manufactured by IPS 
Corporation, Gardinia, CA). 
Type D - Oaty #31 128 CPVC Cement (manufactured by Oaty 
Corporation, Cleveland, OH. 



25 Primers: 
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Type C - tP Weld^n <>65 Cleaner- PVC, CPVC. ABS, Styrene #10204 
(manufecfured by IPS Corporation. Gartlnia, CA) 

Type P- Han,e/s Purple Pri„,er-PVC, CPVC (manufactured by William 
H. Han«y Co., Omaha NE) 

5 

Example 4 - n>/arrr.r,i/<jr,^ 

Sanriple Types 2M6 were substrates that had been molded in a 
Plaque mo« (1/8 inches x 4 Inches x 6 inches,. These substJslre 
men inserted into a inch deep moW of the same length and widr 

feltrr '^"^ them,op,as«c elastomerset 

forth », Tables 5. 6 and 7. The substrates having the adhered layer v^m 
te*d according to the peel test described above. SubsequenBy se^rai 

15 t ' ""^^ ^"^^ "^"^^^ - 'nstmn Model 

15 4M2 (Instmn Corporation. New Ulm. MN) and the second location ufl^ 
a 2*ick Model 22.5 (Zwick GMBH). ""no location utieed 

Sample Type 28 is asubstrate comprising 100% of a pdyacetal 
hoinopolymer(MW=38,000). t^iyaceai 

^f^P^^yP^ 29 is a substrate comprising 90% of a polyacetal 
(MW=38,000): and 10% of a them,oplastic polyu'eC 
«*buwene adipafe soft segments and 4.4' methylene bUen7 

Sample Type 30 is a substrate comprising 70% of a polyacetal 
5 ^T:^^<"W=65.000): and 30% of a tf,ermoplas«c polyuTe^l . 

Sample Type 31 Is a substrate comprising 95% of a nucleated 
polyacetal homopdymer {MW= 65,000): and 5% of an ethylene vinyl 
acetate copolymer (With 40% vinyl acetate) having a melt indexof 55 
> Sample Type 32 is a substrate comprising 90% of a polyacetal 

copo^rwrth 1.3% ethytene oxide gn,ups (Mn=28,300); and m Jf a 
Phenol-fomialdehydethemioplastic resin (Mn=1000 and Wcf 

Sample Type 33 is a substrate comprising 80% of a polyacetal 
homopolymer (MW=38.000); and 20% of a high impact pdj^e^lelt 
tlow=3.tjg/10 min. ttQc. c A . . ... . . _ „^ ^ Hwiy&iyrene (melt 

^ ' f^a weigni ar-^fUU'C, ASTM D1 238) 

Sample Type 34 Is a substrate comprising 90o/o of a polyacetal 
copolymer w.h I.30/0 eth^ene oxfde groups (Mn=28.300); and m of a 
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Sample Type 35 is a substrate comprising 50% of a polyacetal 
homopotymer (MW=38,000); 20% of a butylene adipate soft s^^l and 
5 ^4 methylene bisphenyl isooyanate; and 30% of a styrene ac»e 
copolymer (melt flpw=25g/10minutes with 3,8 Kg weight at445X 

Sample Type 36 is a substrate comprising 55% of a polyacetal 
homopolymer (MW=38.000); 15% of a them^piastic polyurethrn^ 

a^^; ^'^ and meth^ene biXyl iso;:^te: 

and 30^ of an extrusion grade ABS (melt flow=2 5) 

All of the ovennolding Examples utilized substrates having the 
Sample Typ«. desgnated above, however various ovemiolding materials 
^ adhered onto me substrate and subsequen«y subjected to *e 
peeling test as described above. 

^PMTa) - Ovem»,ldinn w|th Pol,^.tnr Pnlv,.H.. t^ ^-,.^.^, 

In this Example the ovemralding layer adhered to the substrate was 
a PoDresterpolyetherthem,opla8ticelastomerwith 36% hard pe^" 
««n«nt«7% son ptMeg segment, a mel«ng point of 190«C. and a 

Ta^5 -T"- Of the peel test ar« shown betow in 



15 



20 
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Table 5 



Sample 
Type 



% 
POM 



% Non- 
acetal 



% 
Other 



First Adhesion 
Result 
(pounds/linear 
inch) 



Second 
Adhesion Test 

Result 
(pounds/linear 
Inch 
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E xample 4(b) - Overmoldi ng wifh T hefmoDl«.<^ir Po.y .r..^^^^ 

Table 6 



Sample 
Type 



28 

29 

30 

31 

32 

33 

34 

35 

36 



% 



POM 



100 

90 

70 

95 

90 

80 

90 

50 

55 



% 
Non 
acetal 



_0_ 

JO. 
30 

5_ 

10 

20 

10 

20 

15 



% 
Other 



_0 
0_ 
0_ 

0_ 
0_ 
30 
30 



Adhesion 

(pounds/linear 
inch) 



8-16 

10 
3-6 



Second 
Adhesion Test 

Result 
(pounds/linear 

inch) 
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Example 4(c) - Ovpm^oidinn q^ ^.^ b^,^;,^, 
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What is claimed is: 
1. An article comprising: 

(a) ""bstrate comprising 99.S40 weight percent of a 

Polyoxymethylene polymer; O.S^o weight percent of at least 



10 



15 



20 



Of the substrate to promote adhesion; and 
(b) at least one layer adhered to the substrate. 

3. The arflde according to daim 2. whemin the polyoxymethylene 
25.000 to about 70,000. ™*°"^^»'«'9M'"'he range of about 



25 6 



:.r.me^rs:tS?e'Xrrr^-S^^^^ 

an.the^bUSeXtrrr;^rr^^^ 

stymne resins, acyllc potyme«. Imldlzed acn^^"! 'l!'' '"'''T 

. at!^i^^^!rr^""-'^-^-^^^^^^ 

— ^ - -as resins, and styrene av^K/fiVicpT;^^^^^ ^ . . . 
35 thereof. ana asrivatlves 



33 



wo 2004/058502 PCT/US2003/040620 

7. The article according to claim 6, wherein the at least one non-acetal 
polymer is selected from the group consisting of styrene acrylonitrile 
copolymers, acrylonitiile-butadiene-styrene resins, acrylonitrile- 
ethylene-propylene-styrene resins, and polycarbonates. 

5 

8. The article according to claim 1 , wherein the at least one non-acetal 
polymer is a semi-crystalline polymer selected from the group 
consisting of polyamides, polyesters and polyolefins. 

10 9. The article according to claim 1 , wherein the at least one layer is co- 
conlinuous with the substrate. 

10. The article according to claim 1 , wherein the at least one layer is 
discontinuous with the substrate. 

15 

1 1 . The article according to claim 1 , wherein the at least one layer is 
selected from the group consisting of themnoplastic elastomers, 
thermoplastic olefins, thennoplastic urethanes, polyethylene and 
polypropylene. 

20 

12. The article according to claim 1 , wherein the at least one layer is 
selected from the group consisting of solvents, water latex, epoxy, 
urethane, and powder coating acrylic. 

25 1 3. The article according to claim 1 , wherein the at least one layer is 
selected from the group consisting of solvent-based glues, latex, 
epoxy, and super glue. 

14. The article according to claim 1 , wherein the substrate is pretreated 
30 with a surface modification technique selected from etching, flaming 

ionization, sanding, surface cleaning, and UV exposure. 

15. A process for making the article of claim 1 comprising the steps of: 

(i) blending a matrix comprising 99.5-40 weight percent of an 

35 polyoxymethylene polymer and 0.5-60 weight percent of at least, 

one non-acetal themnoplastic polymer; 

(ii) molding the matrix into a substrate; and 

(iii) adhering at least one layer to said substrate. 
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